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THESIS ABSTRACT 
An attempt was made to determine comparative effects of 
nitrogen fertilizer (NH4No3
) on growth and root development of 
wheat as influenced by various densities o.f fireweed (Kochia 
scoparia) under greenhouse conditions. 
1. Fireweed grown alone did not show any significant differences 
in height due to density or fertilizer. 
2. When fireweed was grown in association with a uniform stand 
of wheat, significant differences in height occurred among 
treatments (densities of fireweed) and among rates of 
nitrogen fertilization. 
3. Nitrogen fertilizer did not significantly increase the growth 
of wheat when fireweed was present at two, four, and eight 
plants per phytometer. 
4. Nitrogen at the rate of one hundred pounds per acre was 
better than fifty pounds which in turn increased the length 
of the roots significantly more than the control (no 
nitrogen). 
5. Nitrogen application increased the dry matter of top growth 
of weeds when grown alone. 
6. Dry matter yield of fireweed grown with wheat was also 
significantly influenced by densities of weeds. 
7. Nitrogen fertilizer increased dry yield of fireweed in 
presence of wheat crop. 
8. Wheat dry matter yield was decreased in presence o~ fireweed 
densities but nitrogen fertilizer did not increase dry yield 
o.f wheat. 
9. One hundred pounds of nitrogen per acre was significantly 
better than fifty pounds l-Jh.ich in turn · significantly 
increased dry matter of roots more than the control. 
10. In general, shoot-root ratio decreased in all treatments 
with added nitrogen. 
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Wheat, being an important crop in Kansas, has received much 
attention by various investigators attempting to improve yield. 
Increased yield 0f wheat has been obtained by different methods 
such as improved cultural practices, fertilizations, improved va-
rieties, irrigation, etc. Though all improved managerial methods 
generally increase yields of important crops, weeds also, respond 
to fertility and cultural. practices and have long been recognized 
as a source of considerable economic loss in crop production. 
Several experiments have shown that weed infestations not only 
may affect the growth of erops (Blackman and Templeman, 1938; 
Burrows and Olson, 1955; Staniforth and Weber, 1956) but also 
result in lower yields (Godel, 1938; Staniforth, 1957). 
Weeds are responsible for growth and yield reductions by 
competing with crops. Both of these groups of plants live in the 
same environment, and productive capacities are limited by moisture, 
light, nutrients, and available space. Plant competition is a 
natural phenomenon, in which plants of the same or unrelated 
species growing in close proximity develop at the expense of 
their weaker rivals. The phenomenon is of general occurence in 
the plant kingdom both among native species under natural condi-
tions and between crops and weeds in cultivated fields (Weaver and 
Clements, 1938). Each group makes a specific claim upon the pro-
ductive capacities of the field. 
Many studies have reported on the development of above-ground 
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parts of plants. Also equally imp0rtant is to !mow not only 
the usual or normal development 0f roots but also how roots are 
modified by changes in the soil environment. Roots are the ma.in 
organs by which plants make contact with the soil to provide 
water and essential nutrients. Hence, roots also compete for 
water, nutrients, and available space. 
According to Clements, Weaver,and Hanson (1929) the problem 
of competition in field crops "is centered upon the relative merits 
of species and varieties in terms of competitive adaptation to 
seasonal and annual cycles and to the tillage and rotation control 
of factors and reactions." Each weed and each species of crop 
varies in its competitive efficiency. For increasing the competitive 
efficiency of crop plants, various practices such as heavy rates of 
seeding, the use of fertilizers and, more recently, herbicide treat-
ments have been proposed. Many studies are concerned with annual 
weed infestations in cereal grains, often in areas of relatively 
low rainfall. 
The comparative effects of annual weeds, such as wild mustard 
and foxtail, on wheat have been studied but little information is 
available about fireweed, a common troublesome annual in wheat fields 
of Western Kansas. Weeds have a direct effect on growth and yield 
of wheat and the use of fertilizers on wheat is becoming more prevalent; 
therefore, the purpose of the experiment reported herein was to study 
comparative effects of nitrogen fertilizer on growth and root develop-
ment of wheat as influenced by various den~ities of fireweed (Kochia 
scoparia). 
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REVIEw OF LITERATURE 
Available literature pertaining to the present study has 
been precisely reviewed. Since previous studies of the influence 
of fireweed on wheat have not been reported, ·relevant related work 
on other weeds and crops have been considered in the present investi-
gation. 
Spring wheat was grown alone and in association with various 
densities of wild mustard (Brassica arvensis)(Burrows and Olson, 
1955). The results obtained showed that the presence of wild mustard 
adversely affected growth, tillering, and yield of wheat. In general, 
and increase in the seeding rate of wheat increased the yi eld of grain 
in weedy plots. In another experiment with flax ., basal branching was 
affected due to the presence of wild mustar (Burrows and Olson, 
1955a}. 
Jorge and Staniforth (1961) investigated corn-foxtail 
competition over a two-year period. Nitrogen fertilizer applications 
at different levels minimized the effects of foxtail competition on 
corn, as measured by reductions in corn yields. Growth and yields 
of foxtail infestations were severely depressed with higher levels 
of corn populations. A similar experiment was conducted by Stani-
forth (1957) to study the effects of yellow foxtail infestations on 
the yield of com under different levels of nitrogen fertilization 
and two levels of eom plant populations. For both years, corn 
yield reductions resulting from mature foxtail infestations averaged 
4 
14, 10, and 5 bushels per acre, respectively, with applications 
of o, 70, and 140 pounds of elemental nitrogen per acres. Corn 
yields were increased two to three times as much as foxtail by 
one or two increments of nitrogen fertilizer • . 
Carter et. al. (1957) stated that roots of cheat plants 
were slightly shorter than those of wheat. In associated growth, 
wheat reduced the seed production of cheat to a greater extent 
than cheat did itself in pure and comparable stands. Seed produc-
tion of cheat can be reduced _sufficiently by thick and uniform 
stands of wheat to afford an effective control but no evidence 
was presented cheat could be eradicated in this manner. 
Staniforth and Weber (1956) found in a study of the effect s 
of annual weed infestations on growth and yiel of soybeans, the 
soybean yield reductions averaged appro:xima.tely 10% of weed-free 
beans when weeds are present for t he entire season. In general, 
foxtail infestations reduced bean yields slightly less than smart-
weed or velvet leaf. The dry matter yield of above ground parts 
of soybeans and weeds combined closely approximated that of weed-
free beans alone. The presence of weeds also decr eased height of 
soybeans by about two inches. 
With moderate weed infestations and moisture deficits, soy-
beans yield reductions were less than with adequate moisture. Yield 
loss resulted from the presence of weeds where soybean plants were 
below 9 toll in number per foot of row. Dry matter yields of 
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above-ground plant parts of soybeans and weeds combined were 
only slightly higher than that of weed-free soybeans. Foxtail 
and smartweed infestations reduced bean yields about equally and 
had little effect on maturity and height {Weber and Staniforth, 
1957). 
Robinson (1949) mentioned in a study that a moderate infesta-
tion of annual weeds significantly reduced the yields of oats, wheat, 
and flax. 
Mann and Barnes (1945} studied the competition between barley 
and two weeds, namely, Spergula arvensis and Matricaris inodora. 
An increase in the density of barley diminished the injurious effect 
of the weeds and the weight of both weeds decreased. The effect 
seemed to result from competition for root space or for nitrogen 
when the latter was not i.ncexcess. 
In a study of competition between Holcus mollis and barley, 
Mann and Barnes {1947) found that Holcus mollis weed was slightly 
superior to barley in its ability to utilize available nitrogen. 
When both were grown together, the effect of the weed on barley 
depended on whether the barley or the weed first becomes establi shed 
and on the rate of sowing of the barley. However, results of studies 
by Mann and Barnes (1950) showed that an increased density of barley 
plants reduced the loss due to chickweed competition, but even with 
very close planted barley, the loss caused by weeds was nearly 2/3 
of the total fresh weight and 4/5 of the total grain yields. When 
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the study was eond~cted with clover considered as a weed (Mann 
and Barnes, 1952), the barley crop was reduced by the presence 
of clover. When soluble nitrogen was supplied, clover did not 
supply nitrogen to the barley but utilized some of the supplied 
nitrogen itself. 
Godel (1938) states that seeding grain at a rate heaVier 
than normal, plus the use of phosphate fertilizer drilled in with 
the seed, proVided a practical method of weed control in annual 
crops. Singh and Das {193!:>) found that spraying with fertilizers 
may be advantageously used for the combined effect of reducing the 
weed density in cereal crops and of increasing the yield of the 
grain. Nakonesbny and Friesen (1961) reported that applications 
of ammonium phosphate fertilizers (11-48-0) were effective in 
reducing losses in wheat yields caused by weed competition. Average 
losses in yield due to weed competition were 20.5% in unfertilized 
portions of the fields and only ll.7% in fertilized portions of the 
same fields. 
Aspinall {196o) reported that white persicaria, when grown 
with barley, showed responses typical of shaded plants. Restricted 
nutrient supply was the most important factor leading to reduced 
growth of persiearia. When light became limiting, root expansion 
was reduced. 
Data of experiments conducted in oat fields infested with 
quack grass and thistles indicated that the presence of weeds, on 
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either a green weight or dry matter basis, reduced production of 
surface plant material and grain yields (Wolcott and Carlson, 1949). 
Blaclanan and Templeman (1938) state that the most critical period 
of competition occurs in early stages of cere~l development. Weeds 
whose period of most rapid growth coincides with the critical growth 
period of cereal were most depressive. Nitrogen manuring will 
successfully counteract depressive effects of weed competition and 
where competition is largely for nitrogen, application of nitrogen 
may be more economical than weed suppression with herbicides. 
Vengris et. al. {1953) studied weeds of grassland, onion 
field, corn a.~d potato and reported that weeds are important competitors 
with cultural plants for nitrogen which is often a limiting factor in 
crop production. Weeds are alde to accumulate considerable amount 
of nutrient at the expense of cultural plants, thereby reducing 
yields of crops. In the study of plant nutrient competition between 
weeds and corn, Vengris et. al. (1955) found that at high rates of 
fertilization with nitrogen,weeds competed strongly for the nutrient, 
suppressed the growth of corn, and resulted in decreased yields of 
eorn. The feasibility of maintaining high corn yields Ln the 
presence of competing weeds by increasing rates of fertilization 
was strongly questioned. 
Pavlychenko and Harr:ington (1934) observed that success in 
competition depends on the ability to develop a large assimilation 
surface in the early seedling stage and the possession of a large 
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number of fiber roots close to the surface but with main roots 
penetrating deeply. 
Kmoch .!!?_. al. (1957) reported in a study that the depth of 
the root development of winter wheat (Triticum vulgare) increased 
with increasing depth of wetting, reaching a maximum depth of 
thirteen feet. The use of nitrogen fertilizer increased root 
weights and increased the utilization of subsoil moisture. Wahhab 
and Hussain (1957) found that number of tillers, mature heads per 
plant, and grain weight of wheat were significantly affected by 
nitrogen supplied in the form of ammonium sulfate under irrigatim. 
Treatments with nitrogen increased moisture in the plant but 
decreased dry matter percentages slightly in wheat plants. Nitrogen 
applied at the rate of 60 pounds per acre at the s eedling stage 
gave best results. 
Lawton and Davis (1954) showed under greenhouse conditions 
that application of mixed fertilizer (5-20-20 and 5-20-0) at 500 
pounds per acre l½ inches to the side and l½ inches below the seed 
was most desirable from the standpoint of emergence and growth. 
McNeal and Davis (19.54) found that ripening of wheat was 
hastened one to four days by ni ~rogen applications. The number of 
cul.ms increased .34.4 and 60.0%,respectively, when 50 and 100 pounds 
of nitrogen were added. Luginbill and McNeal (1954) obtained an 
increase in culm number from applications of nitrogen fertilizer 
on winter wheat. 
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Rankin (1947) stated that the first month after applica-
tion nitrogen intake by wheat was usually high. A very large 
part of the total dry weight of the plants was produced during 
March and April. A corresponding increase in .nitrogen intake 
occurred during the period of greatest increase in dry weight. 
Yield also was affected due to a lack of nitrogen. Dubetz (1961) 
observed that the largest yield increase per unit of nitrogen 
was obtained on loamy sand. He found that growth of wheat on 
loam soil was significantly superior in all respects, except 
for the roots, to that on loamy sand. 
McLean (1957) studied plant growth and uptake of nutrients 
at different levels of nitrogen and f'owid that top growth was 
increased at higher nitrogen l eveis . However, r oot growth 
generally did not increase in proportion to increased top growth 
with higher nitrogen levels, and in some cases root growth 
actually decreased. Results showed that the top/root ratio 
increased with increased nitrogen levels. 
Chandler (1958) found no differences in depth of oat root 
penetration as a result of 76 years of different surface fertili-
zation under the same manageraent system. A considerable reduction 
was observed in the number of oat roots in the eight to fourteen 
inch platy structure zone, but once the roots penetrated this 
zone, more branching of the roots occurred. 
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METHODS AND MATERIALS 
The experimental erop of winter wheat was raised in phyto-
meters llllder greenhouse conditions. The study was composed of a 
series of seven treatments replicated three times in randomized-
block designs. 
Treatrnents were as follows: 
1. A series of phytometers with no wheat and weed 
density as follows: 
2 weeds {no wheat) 
4 weeds (no wheat) 
8 weeds (no wheat) 
2. A series of phytometers with both wheat and weeds 
in the following relationship: 
Wheat only {no weeds) 
Wheat + 2 weeds 
Wheat+ li. weeds 
Wheat+ 8 weeds 
3. Fertilizer treatments (pounds of nitrogen per acre) 
applied as NH4No3 to each of the pytometers were: 
0 control (no nitrogen) 
50 lbs. N 
100 lbs. N 
A total of 63 pl,lytometers were employed in the studies • • Thi.Ity 
inches square tin sheet was rolled in cylindrical form and a gallon 
can was placed at both ends of a cylinder. Holes were ma.de in the 
bottom can for aeration. Top end was open. In this way phytameters 
were ma.de {Fig. 1). 
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Figure l. Fireweed and wheat grown together and separately 
in phytometers with three levels of nitrogen 
fertility under greenhouse conditions. 
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Eaeh phytometer was filled within two inches of the top 
with screened sand to obtain a uniform culture medium. Compar-
atively nutrient-free river washed sand was used to study the 
actual effect of nitrogen fertilizer on the s~oot and root growth 
of wheat in competition with fireweed. However, the study using 
sand failed and was began again using a sand-loam mixture. 
Seed sowing: 
Wheat seeds were sown on November 14, 1961, in the phytometers. 
The depth of sowing was one inch. After establishment of wheat 
seedlings, ten robust plants of wheat were kept in each phytometer 
and the rest of the seedlings were removed. 
Fireweed seeds were sown on November 29, 1961 in ra.11.domly 
chosen pbytometers. Certain number of fi weed seedlings remained 
after thinning by hand in each phytometer according to treat..1J1ents. 
Plants were periodically watered uniformly. Since sand is 
a comparatively nutrient-free medium and incapable of supplying 
enough nutrients, a nutrient solution, very low in nitrogen, was 
given once each week until January 20, 1962, and then twice each 
week thereafter. 
Nitrogen fertilizer was applied in the form of ammonium 
nitrate salt at various rates according to treatments when wheat 
and weeds became well established on December 14, 1961. 
When yellowing of wheat leaves occurred, a second application 
of nitr~gen fertilizer was added at different rates on February 6, 
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1962. Since leaYes of wheat started yellowing again, nitrogen 
and K PO fertilizers were supplied March 6, 1962. 
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Growth Studies: 
Length of leaves of wheat was recorded .in centimeters and 
the longest leaf of wheat plant was adopted as the criterion for 
recording growth characteristic. Measurements of three wheat 
leaves from each phytometer were taken to obtain an average. '!be 
length of the leaves was measured from the point of junction with 
the shoot. 
The height per plant of fireweed was recorded in centimeters. 
'lbree plants were employed to obtam the average height except where 
only two plants were present in the treatment. Height was measured 
from the surface of the sand to the top ef the plants. 
Shoot and roet studies: -------
Above ground parts of wheat and fireweed plants were detached 
from the roots when the plants were 90 days old and subjected to 
oven-drying, after which the dry weight was recorded. 
Roots were carefully washed with a fine spray of water and 
were even-dried. Dry weight of roots was recorded and root lengths 
were measured. 
In the month of March, 1962, weeds began drying for no obVious 
reason even though enough nutrient solution had been supplied regularly. 
Therefore,. the same experiment was conducted again by using the soil 
Qu.lture medium in.stead of sand. Soil was used from the field where wheat 
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had been grown continuously for at least three or four years. 
Sand and soil were mixed together in the proportion of one part 
sand and tw@ parts soil, and screened to obta:in a uniform medium. 
Pbytometers were filled as before. Wheat and fireweed seeds were 
planted at the same time on March 22, 1962 (Fig. 1). Four robust 
plants of wheat were kept in each phytometer. Nitrogen fertilizer 
was applied to phytometers on April 1, 1962. Observations of growth 
began April 25, and were recorded as for the previous experiment. 
RFSULTS AND DISCUSSION 
Data are subdivided for convenience 1.nto three groups, viz. 
height growth, root length, and dry matter yield. 
Visual ol:servations 
As indicated earlier, in the chapter on the methods and 
materials, nitrogen was applied on April 1, 1962. From that date, 
observations of wheat and fireweed plants -were made weekly. Weeds 
showed considerable more response to nitrogen application than 
wheat plants. Tillers of wheat plants were found more ab\llldant 
where nitrogen fertilizer was applied than where it was not. 
An obvious deleterious effect of various densities of weeds was 
noticed in the height growth of asseciated wheat. 
Growth studies 
Plant heights of weed and wheat in centimeters were recorded 
at weekly intervals from April 25, 1962, to June 5, 1962, for all 
treatments. Height measurements on April 25, 1962, of fireweed were 
subjected to statistical analysis but no significant height differ-
ences due to fertilizers or densities were found. Seedlings were 
3J days old and had been fertilized 25 days previous to measurement. 
Analysis was again conducted on weed height on June 5, 1962, 
when plants were 74 days old. Statistical results were similar in 
that average height in centimeters of weeds varied only slightly 
when grown alone at various densities and different levels of nitrogen 
fertilizer (Table I). 
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grown alone at three densities as influenced 
by three levels of nitrogen fertility 
(Height on June 5, 1962). 








1Average of three replications 
Mean values of various treatments di not show any statistically 
significant differences among treatment, fertilizers, and the inter-
action between treatment and fertilizer. In other words, application 
of nitrogen fertilizer did not affect the height of fir eweed when 
grown alone; also the height of f ireweed was not influenced by 
different densities of the species. 
When growth curves of the species are plotted, little differ-
ence in height due to experimental factors is readily noted (Figs.a:, 
3, and 4). 
In contrast to slight variation in height when fireweed was 
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Figure 2. Average growth {three replications) of fireweed 
when density of weeds was two plants per phytometer 
with three levels of nitrogen fertility. 
{No nitrogen ___ _ 50 lb. N/A - - - -; 
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Figure 3. Average growth ( three replications) of fireweed 
when density of weeds was four plants per phytometer 
with three levels of nitrogen fertility. 
(No nitrogen ____ J 50 lb N/A - - - ; 
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Figure 4. Average growth (three replicati ons ) of fireweed 
when density of weeds was eight plants per 
phytometer with three levels of nitrogen fert i l ity. 
(No nitrogen----; 5o lb. N/A - - - - - ; 
100 lb. N/A • •). 
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association With a uniform number of wheat plants, average 
heights of June 5 ranged from 60~0 to 80.0 centimeters de-
pending upon fertility level and density of the weed (Table II). 
Table II. Average1 heights in cen.timeters of · fireweed at three 
densities grown in association with wheat with three 
levels of nitrogen application (Height of weeds on 
June 5, 1962). 
Treatment Control (No nitrogen) 50 lbs. N/A 100 lbs. N/A 
2 weeds + wheat 65.5 75.1 80.8 
4 weeds + wheat 71 .. 0 75.3 11.2 
8 weeds + wheat 60.0 66.4 6e.4 
1Average of three replications. 
Average height of fireweed when grown at different densities 
With wheat {treatment) was 73.8 ems. with two weeds, 74.5 ems. with 
four weeds, and o4.9 ems. with eight weeds. Fireweed height with 
O, So, and 100 pounds nitrogen per acre averaged 65.5, 72.2, and 75.4 
ems., respectively. 
Differences in these mean values were shown by the analysis 
of variance (Appendix Table I) to be highly significant. In other 
words, significant variation in weed height occurred among t~aatments 
(densities of fireweed) and among rates of nitrogen fertilization, 
the two controlled sources of variation. According to Duncan's 
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multiple range test (Appendix Table I), fireweed in the four-
weed treatment attained the greatest average height but not 
significantly different from fireweed in the two-weed treatment. 
Duncan's multiple range test also showed that fireweed, in 
association with wheat, responded significantly more to nitrogen 
fertilization when applied at the rate of 100 pounds per acre 
than at Oto 50 pounds per acre (Figs. 5, 6, 7, and 8). Height 
of fireweed increased significantly with each added increment 
increase of nitrogen to 100 pounds. 
The length of the largest leaf of wheat varied significantly 
only with variation in numbers of fireweed present when wheat was 
grown with three different densities of fireweed (Table III). 
Differences in the growth of wheat l aves due to various 
densities of fireweed present were highly significant. Average 
length of the longest leaf was 53.0, 45.2, 47.2, and 50.8 centi-
meters when no weeds, two weeds, four weeds, and eight weeds were 
present per container, respectively. Leaves of wheat growing 
without weeds were significantly longer than any other treatment 
(compare Figs. 5, 6, 7, and 8), followed by wheat with eight 
weeds (Duncan• s multiple range test, AppendiX Table II). No 
significant differences occurred in average length of wheat lea£ 
between wheat grown with four weeds and wheat grown with t"WJ 
weeds. 
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Figure 6. Average growth (three replications) of fireweed 
and wheat grown together when density of weeds was 
two plants per phytometer with three levels of 
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Figure 7. Average growth (three repl icati ons) of fireweed 
and wheat grown together when densi t y of weeds 
was four plants per phytometer with t hree levels 
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Figure 8. Average growth (three replications ) of fireweed 
and wheat grow together when density of weeds 
was eight plants per phytometer wi th three 
levels of nitrogen fertility. 
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Table III. Average1 length in centimeters of the longest 
leaf of wheat when grown in association with 
three different densities of weeds as influenced 
by three levels of nitrogen fertility (growth of 
longest leaves of wheat on June 5, 1962). 
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Treatment Control (No nitrogen) 50 lbs. N/A 100 lbs. N/A 
Wheat alone 49.7 55.6 53.7 
Wheat + 2 weeds 40.4 48.2 46.9 
Wheat + 4 weeds 45.2 49.8 46.-.5 
Wheat + 8 weeds 51.1 5o.8 50.3 
lAverage of three replications. 
Statistical analysis of results showed that heights of fireweed 
when grown alone at three different densities did not respond to 
nitrogen fertility and was not affected by density of' the species. 
But fireweed groWing at different densities in association with a 
uniform stand of wheat markedly affected the growth of wheat. These 
results agree with those of Burrows and Olson (1955), Staniforth 
and Weber (1956), and Weber and Staniforth (1957) who gound in 
general that weeds suppressed the growth and production of associated 
crops. 
A considerable growth response to nitrogen was shown by fireweed 
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when grown with wheat but wheat did not respond to the increased 
nitrogen when the wheat was growing in association with fireweed. 
In other words, fireweed successfully competed for nitrogen and 
the degree of success was manifest in greater height growth of the 
weed. 
The added nitrogen, however, was of no benefit to wheat 
growth in height when associated with fireweed. The presence of 
weeds alone were sufficient to depress the growth of wheat. But 
with the advantage of added fertility which benefitted fireweed 
much more than wheat, growth of the latter was suppressed even 
more. Silimar results were obtained by Vengris , et. !!• {19.53, 
1955). 
Root growth of wheat and weeds growi ng together and weeds 
growing separately was measured in centimeters after washing with 
a fine spray of water. Roots of wheat and fireweed were not 
separated because they were intermingled with each other; hence, 
the lengths of roots of wheat and weeds in one phytometer were 
measured together. Data on average lengths of roots from three 
replications are presented in Table IV. 
Different levels of nitrogen fertilizer showed highly 
significant effects on root lengths (Appendix Table III). Length 
of roots when nitrogen was applied at rates of o, 50, and 100 
pounds per acre was 65.7, 68.9, and 71.9 centimeters, respectively. 
Duncan's multiple range test showed that 100 pounds of nitrogen 
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1 . Table IV. Average length in centimeters of roots of wheat 
and fireweed grown together and separately. 
Treatment Control (No nitrogen) 50 lbs. N/A 100 lbs. N/ A. 
2 weeds 67.3 68.6 70.4 
4 weeds 67.5 69.9 72.5 
8 weeds 65.3 69.1 71.4 
Wheat+ 0 weeds 64.5 68.7 71.1 
Wheat + 2 weeds 64.0 66.7 70..4 
Wheat+ 4 weeds 65.5 69.4 72.3 
Wheat+ 8 weeds 06.2 10.2 73.9 
1 Average of three replications . 
per acre was better than 50 pounds, which in turn increased the 
length of the roots significantly more than the control (Figs. 
9, 10, 11, 12, 13, 14, and 15). No detectable differences were 
found among treatments and the interaction between treatment and 
fertilizer (Appendix Ta@le III). 
Since fireweed and wheat are so diss1Dlilar in growth habits 
and other characteristics, a fair comparison could hardly be made 
on the basis of heights alone. Although the height of weeds and 
length of largest leaves of wheat were given due consideration in 
Figure 9. Root systems of fireweed when density of weeds 
was two plants per phytometer with o, 50, and 




Figure 10. Root systems oi" fireweed when density of weeds 
was four plants per phytometer with o, 50, and 
100 pounds of nitrogen per acre (from left to 
right). 
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Figure 11. Root systems of fireweed when density of weeds 
was eight plants per phytometer with o, So, and 
100 pounds of nitrogen per acre (from left to 
right). 
Figure 12. Root systems of wheat alone as influenced by 
o, So, and ~00 pounds of nitrogen per acre 
(from left to right). 
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Figure 13. Root systems of fireweed and wheat grovm 
together when density of weeds was two 
plants per phytometer with O, 50, 100 
pounds of nitrogen per acre (from left 
to right). 
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Figure 14. Root systems of fireweed and wheat grown 
together when density of weeds was four 
plants per phytometer with o., 50, and 100 




Figure 15. Root systems of fireweed and wheat grown together 
when density of weeds was eight plants per phyto-
meter with O, 50, and 100 pounds of nitrogen per 
acre (from left to right). 
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the interpretation of results, it seemed logical, therefore, te 
ccmpare the average dry matter production from three replications. 
Average dry weight of fireweed growing alone as influenced 
by nitrogen fertilizer at the rates of O, 50, ·and 100 pounds per 
acre was 16.2, 21,8, and 27.6 grams, respectively. Such differences 
were sho~m by analysis of variance (Appendix Table IV) and 
Duncan's multiple range test to be significantly dif ferent at the 
one percent probability level. No significant differenctf; in the 
dry weights of fireweed were f ound when density of plants varied or 
between the interaction of treatment and fertilizer. Average dry 
weight of fireweed when grown at two, four, and eight plant density 
per container with three levels of nitrogen application are 
presented in Table v. 
Table v. Average1 herbage production in grams of fireweed 
grown alone at three densities and t hree levels of 
nitrogen fertility. 
Treatment Control (No nitrogen) 50 lbs. N/ A 100 lbs. N/A 
2 weeds 16.3 21.0 28.9 
4 weeds 14.8 20.5 26.5 
8 weeds 17.5 23.9 27.3 
1Average of three replications. 
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Average herbage production of various densities of fire-
weed was 22 . 0, 20 . 6, and 22 . 9 grams when density of weeds was 
two, four, and eight plants per phytometer, respectively. Th.ese 
values were not significantly different. Dry matter weight as 
influenced by 50 and 100 pounds nitr agen per acre was 1.3 and 1.7 
times greater than that 0f the control treatment. 
Although density of plants and fertiiity levels produced no 
significant effect on height of fireweed when g11own alone (Table I), 
dry matter production was influenced by these factors. Data 
suggest that added nitrogen improved conditions for greater syn-
thesis within the plant of compounds which increase the dry 
matter content; such compounds would include carbohydrates, 
proteins, and other complex structural and metabolic components. 
In addition, since forage production is a function of height and 
lateral spread and since height was not significantly influenced by 
added nitrogen, presumably lateral branch development both in 
length and numbers was increased by added nitrogen. However, 
length and numbers ef lateral branches were not recorded and 
no positive conclusions can be made concerning the effects of 
nitrogen on dry matter production. 
In an attempt to determine the response of fireweed to 
the experimental variables with wheat, two, four, and eight plants 
of fireweed per phytometer were grown with a uniform number of 
wheat plants in each phytometer. Data for average production af 
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fireweed as influenced by various densities, nitrogen levels, 
and in association with wheat were analyzed statistically 
(Appendix Table V). Yi eld averages for all replications are 
presented in Table VI. 
Table VI. Average1 herbage production in grams of fireweed 
when gr-own at three densities WJ..th a uniform 
stand of wheat at three different nitrogen fertility 
levels. 
Treatment Control (No nitrogen) 5o lbs. N/A 100 lbs. N/A 
2 weeds • wheat 7.2 u.5 15.2 
4 weeds + wheat 11.9 16.1 20.2 
8 weeds + wheat 8.2 14.1 20.3 
1Average of three replications. 
Dry weight of fireweed when grown with wheat was 1.5 and 2.0 
times greater when fertilized at the rates of 50 t0 100 pounds 
nitrogen per acre than herbage product ion of the control (no 
nitrogen). Also herbage production of fireweed was significantly 
influenced by various densities of the plant. H0wever, the 
interaction of fertilizer with treatment had no influence on 
herbage production. Average dry matter production of fireweed 
at various densities of weeds associated with -wheat was 11.,3, 
16.1, and 14.2 grams when the density of weeds was two, four, 
and eight plants per phytometer, respectively. Differences 
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were significant at the one percent level of -probability (Appendix 
Ta& V). 
Average production of fireweed when four weeds were growing 
with wheat was significantly ~etter than when 2 or 8 weed plants were 
present. Weed production was significantly increased with each added 
increment of nitrogen. Average production was 9.1, 13.9, and 18 •. 6 
grams at o, 50, and 100 pounds nitrogen application per acre, 
respectively . 
Dry matter yield of wheat when grown alone and with different 
densities of fireweed, varied fro 4.7 to 16.o grams per pbytometer 
(Table VII). Wheat growth was not significant ly increased with t he 
addition of nitrogen fretilizer when vari ous densi ties of weeds 
were present (Appendix Table VI). 
The ability of weeds to suppress wheat growth have been very 
consistent, irrespective of nitrogen level and density of fireweed. 
Statistical analysis of variance (Appendix Table VI) showed that 
herbage production of wheat was significantly affected by the 
presence of fireweed. Also, tae interaction of treatment with 
fretilizer on wheat production was highly significant. However, 
nitrogen had no influence on wheat in the presence of weeds. The 
Table VII. Average1 herbage production in grams of wheat 
when grown alone and with fireweed at various 
densities with three levels of nitrogen 
fertility. 
Treatment Control (No nitrogen) 50 lbs. N/A 100 lbs. N/A 
Wheat alone 11.2 13.7 16.0 
Wheat + 2 weeds 7.5 6.8 6.4 
Wheat + 4 weeds 6.6 5.7 6.3 
Wheat + 8 weeds 7.3 4.7 7.3 
1 Average of three replications. 
F test of treatment means showed that significant differences in 
wheat production occurred at the one percent level of probability. 
According to Duncan's multiple range test, wheat without weeds was 
the best treatment for production. Average production of wheat 
with two weeds and wheat with eight weeds was not significantly 
differen.t from eaeh other. Lowei,t herbage yield of wheat was 
obtained from the treatment of wheat with four weeds. However, 
there was not any significant difference between treatments of 
wheat with eight weeds and wheat with four weeds. 
Variation due to the interaction of treatment with f ertilizer 
was signifiean.t at the one percent level of probability (Appendix 
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Table VI). Wheat 'Without fireweed treatments under three levels 
of nitrogen fertility produced better top growth yield of wheat 
than any other fertility and density treatments. Further rela-
tionships of the interaction between treatment and fertility up-
on wheat foliage production are presented in Table VIII. 
Table VIII. Duncan's1 multiple range test of treatment means 
of herbage production of wheat when grown alone 
and with various densities of fireweed at three 
levels of nitrogen fertility from three replica-
tions. 
Weeds: 8 4 4 2 4 2 8 8 2 0 0 
Nitrogen: 50 50 100 100 0 50 0 100 0 
0 
0 50 100 
4.7 5.7 6.3 6.4 6.6 6.8 7.3 7.3 7.5 11.2 13.7 16.0 
1 Any two means not underscored by the same line are signifi-
cantly different. Arry two means underscored by the same line are 
not significantly different. 
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The above data indicated that wheat was not able to 
utilize the added nitrogen m the presence of fireweed. How-
ever, weeds responded to nitrogen fertilizer in presence of 
wheat (see Table VI) and thereby reduced growth of wheat, which 
in turn, resulted in decreased dry matter production of wheat. 
Results are si.rnilar to those obtained by Staniforth and Weber 
(1956), Weber and Staniforth (1957}, and Wolcott and Carlson 
(1949). In other words, nitrogen application actually increased 
the effects of fireweed on the growth of wheat irrespective of 
the densities of weeds. 
Greater ability of cereal crop seeds to germinate, and 
the rapid growth of the plants with production of large assimil&-
tion surfaces of crop plants in the early stages, are important 
faotors in t he competition of cereals with weeds. The root 
system is the third and perhaps the most important factor. Growth 
appears above the surface only after the plant has established 
itself in the soil. It would, therefore, appear that the future 
well-being of the plant might depend largely on the early 
development of its root system. Root systems of weeds and crops 
differ markedly in growth habit, extent, etc. The root systems 
of plants in relation to their competitive reactions can hardly 
be overemphasized. Therefore, in the present study, root systems 
were gently washed free of soil, oven-dried, and weighed to 
determine the influence of weed density and fertility on root 
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production. Where fireweed and wheat were growing together 
in the phytometer, roots were intimately intermingled. There-
fore, the following data are presented as total root production 
per phytometer (Table IX). 
Table IX. Average shoot-root ratio of three replications of 
wheat grown alone, f ireweed grown alone at three 
densities, and wheat and weed grown together with 
three levels of nitro gen fertilizer. 
'!lr eatment Pounds of nitrogen per acre 
0 50 100 
Wheat only 1.9 1.9 lo2 
Wheat + 2 weeds 2.3 2.3 1.9 
Wheat + 4 weeds 3.0 2.3 2.6 
Wheat + 8 weeds 2.8 2.9 2.5 
2 weeds 3.4 3.1 3.1 
4 weeds 3.5 2.9 3.0 
8 weeds 3.6 3.1.t. 3.0 
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Statistical analysis (Appendll Table VII) showed that dry 
matter yield of roots was significantly influenced by treatments 
and nitrogen fertility levels. Average dry weight of roots was 
5.3, 7.4, and 10.4 grams at o, 50 , and 100 pounds of nitrogen per 
acre, respectively. Duncan's multiple range test showed that 100 
poW1ds of nitrogen per acre increased the dry matter production 
of roots significantly more than 50 pounds nitrogen per acre, 
which in turn was significantly more than dry weights of roots 
in the control {no nitrogen). The values of average dry matter 
of roots as influenced by three levels of nitrogen application 
were significant at the one percent level of probability. 
Significant differences in dry matter yield of roots were 
found between treatments. But ireweed was grown alone in several 
phytometers and in association with wheat in other phytometers. 
Hence, effects of treatments on dry matter production of roots 
is difficult to interpret since the roots could not be adequately 
separated for individual analysis. Duncan's multiple range test 
showed that the treatment of wheat with eight weeds was significantly 
different from wheat with four weeds, wheat with two weeds, and 
wheat alone. No significant differences occurred in dry yield of 
roots of fireweed when grown alone at three densities. Yields were 
6.9, 6.7, and 6.9 grams when density was 2, 4, and 8 plants per 
phytometer. 
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Since the study of roots was practically impossible when 
wheat and weeds were grown together in the same phytometer, an 
attempt was made to determine the root relations by calculating 
the shoot-root ratios (Table IX). 
Fireweed generally produced about three times as much 
foliage as root and the ratio did not vary greatly with varying 
densities of the plant. Fertilizer had a greater influence on 
the shoot-root ratio than density. A.s a general rule, the ratio 
decreased in all treatments with added nitrogen. McLean (1957) 
found in a study of plant growth and uptake of nutrients at 
different levels of nitrogen that top growth was increased at 
higher nitrogen levels. However, root growth did not generally 
increase in proportion to increased top growth with high nitrogen. 
In the present study, foliage production was increased by 
added nitrogen but the shoot-root ratio decreased. Obviously, 
then, root production was increased more in proportion to top 
growth by additional fertility. 
When wheat and weeds were grown together, the shoot-root 
ratio was less than when Heeds were grown alone. Such results as 
well as those presented earlier, show that both shoot and root 
growth were decreased by interspecific competition. Hawever, 
decreased shoot-root ratios indicate that top growth decreased 
proportionally more than root growth. 
SUMMARY AND CONCLUSIONS 
The experimental crops of wheat and fireweed were grown 
alone and together in phytometers under greenhouse conditions. 
Nitrogen fertilizer in the form uf NH4No3 
was applied once after 
the establishment of seedlings at rates of o, 5o, and 100 pounds 
per acre to each treatment. The experiment included seven treat-
ments replicated three times in a randomized-block design. Treat-
ment consisted of fireweed growing alone at densities of 2, 4, and 
8 plants, f ireweed growing at the above densities in association 
with a uniform stand of wheat, and wheat alone. 
Average heights of fireweed, lengths of longest leaves of 
wheat, and depths of roots of weeds and wheat were measured in 
centimeters. Oven-dry weights in grams of top growth and of roots 
of weed and wheat were obtained together and separately. All 
data were subjected to statistical analysis using analysis of 
variance and Duncan's multiple range test. 
Weeds grown alone did not show any significant difference 
in height due to density or fertilizer. But significant differ-
ences in height occurred among treatments {densities of fireweed) 
and among rates of nitrogen fertilization when fireweed was grown 
in association with a uniform stand of wheat. Nitrogen fertilizer 
did not significantly increase the height growth of wheat when 
fireweed was present at two, four, and eight plants per phytometer. 
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Growth of wheat was significantly affected by the densities 
of fireweed. Results indicated that fireweed utilized nitrogen 
fertilizer in the presence of wheat and significantly decreased 
the growth of wheat. Nitrogen application increased the lengths 
Gf roots. Nitrogen at the r ate of one hundred pounds per acre 
was better than fifty pounds which in turn increased the length 
of the roots significantly more than the control (no nitrogen). 
Analysis of variance showed that nitrogen application 
increased the dry matter of top growth of weeds when grown alone. 
Differences due to various levels of nitrogen were very marked 
and highly significant at the one percent level of probaoili ty. 
Although the density of plants and fertility level prod~ced no 
significant effect on · height of fireweed when grown alone, added 
nitrogen did produce significant effects on weed production when 
grown in association with wheat. Possible explanations include 
greater synthesis of organic compounds and increased numbers and 
spread of branches due to added fertility. 
Dry matter yield of weeds grown with wheat was also signifi-
cantly influenced by treatments (density of weeds). Differences 
were highly significant at the one percent level of probability. 
Wheat dry matter yield in presence of fireweed densities 
was influenced. No significant differences in wheat production 
were produced by varying application of nitrogen in the presence 
of various weed populations. Variation due to the interaction of 
48 
treatment with fertilizer was sie71ificant at the one percent 
level of probability. Wheat without fireweed under three levels 
of nitrogen fertility produced better top growth than any other 
fertility and density treatments. 
Average dry weight of total roots (both wheat and weed) 
showed s i gnif icant differences due to treatment at the one per-
cent level of proba.bili ty. Levels of nitrogen had highly signifi-
cant effects on dry matter of roots. One hundred pounds of 
nitrogen per acre was significantly better than fifty pounds 
which i n turn s ie71ificantly increased dry matter of roots more 
than the control. However, no sie71ificant difference was found 
f or the interaction of treatment with fertili zer. 
From data obtained the following conclusions seem warranted. 
Fireweed is capable of mald.ng considerable use of nitrogen. The 
plant respords to the added fertility in some fashion ot her t han 
increased height since no dii'ferences in height were found men 
50 or 100 pounds of nitrogen per acre were added. Foli age produc-
tion of fireweed was increased by nitrogen, however, indicating 
greater vigor, more efficient organic synthesis, and pr obably more 
and widely spreading branches. The enhanced competitive influence 
of fireweed under such conditions are obvious. 
From results obtained it can be concluded that wheat also 
is capable of making considerable use of nitrogen but only when 
grown under weed-free conditions . When wheat is grown with fireweed 
49 
the wheat does not respond to the added fertility irrespective 
of whether the weed population is 2, 4, or 8 plants per phyto-
meter. Such results with fireweed and wheat differ from other 
studies which found that any competitive influence of weeds 
associated with certain cereal crops might be overcone by pro-
viding additional fertility to the cereal. In the experiment 
reported herein, evidence indicates that fireweed becomes a 
better competitor when nitrogen is added. 
Most farmers and agronomists realize the importance of 
providing a clean seed bed for the planting of wheat. However, 
once the wheat is established,. ~he control of weeds is difficuJt 
and expensive. Reduction in certain crop yields because of weed 
infestations may be partially replaced by fertilization. However, 
such does not appear ' to be t he case if wheat is the crop and 
fireweed is the pest. 
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APPENDIX 
Table I. Analysis of variance of height of fireweed at 
three densities growing in association with 
wheat with three levels of nitrogen application. 
Source Degrees of Swns of Mean 
freedom squares square 
Replication 2 517 •. 2 258.6-H 
Treatment (density) 2 512.6 256.3~ 
Fertilizer 2 462.3 231.l~ 
Treatment X fertilizer 4 10.0 17.5 
Error 16 591.3 36.9 
Total 26 2,153.4 
Denotes significance at 1 percent level. 
Duncan•s1 multiple range test for treatment: ____ _ 
8 weeds 2 weeds 
73.8 
Duncan•s1 multiple range test for fertilizer 
0 Nitrogen 
65.5 




100 lb. N/A 
75.4 
1.Any two means not underscored by the same line are 
significantly different. Any two means underscored by the 
same line are not significantly different. 
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Table II. Analysis of variance for length of the longest leaf 
of wheat when grown with three demsities of weeds 














































Any tWJ means not underscored by the same line are 
significantly different. Any two means underscored by the 
same line are not significantly different. 
Table III. Analysis of variance for length of roots of 
wheat and f ireweed when grown a·bove and 
together in pbytometers with various densities 






Treatment X fertilizer 
Error 
Total 








~ enotes significance at 1 percent level. 










65 .. 7 
50 lbs. N/A 
68.9 
100 lbs. N/A 
71.7 
1Any two means not underscored by the same line are 
significantly different. Any two means underscored by the 
same line are not significantly different. 
Table IV. Analysis of variance for herbage production of 
fireweed when gFOwn alone at three densities 
and three levels of nitrogen fertility. 
Source 
Replication 
Treatment ( density) 
Fertilizer 



















Denotes significance at 1 percent level. 
Duncan•s1 multiple range test~ fertilizer 
O Nitrogen 
16 •. 2 
50 lb. N/A 
21.8 
100 lb. N/A 
27.6 
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1Any two means not underscored by the same lines are 
significantly di.fferent. Any two means underscored by the same 
line are not significantly different. 
Table v. Analysis of variance of herbage production of 
fireweed at three densities when grown with a 
uniform stand of wheat at three diff erent 
























Denotes significance at 1 percent level. 
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50 lb. N/A 
13.9 
100 lb. N/A 
18.6 
Any two means not undersc0red by the same line are 
significantly different. Any two means \lllderscored by the 
same line are not significantly different. 
58 
Table VI. Analysis of variance for herbage producti on of 
wheat when grown with ~ireweed at three densities 
with three levels of nitrogen fertility. 
Source Degrees of Sums of Mean 
freedom squares square 
Replicati on 2 1.1 o.5 
Treatment (density) 3 347 •. 1 115.7ff 
Fertilizer 2 9.8 4.9 
Treatment X fertilizer 6 41.6 6.9-¾-l} 
Error 22 37.8 1.7 
Total 35 437.4 
ff Denotes significance at 1 percent level. 
59 
60 
Table VII. Analysis of variance for dry weights of' roots ar 
fireweed and wheat grown together and separatel y 




















269 •. 4 
2.5.3 
44 • .5 
384.2 
ff Denotes significance at 1 percent level. 








Four weeds Eight weeds Two weeds Wheat and · Wheat and Wheat and Wheat and 
eight weeds two weeds four weeds no weeds 
6.7 6.9 6.9 7.6 
Duncan's multiple range test for fertilizer 
0 Nitrogen 
5.3 
50 lb. N/A 
7.4 
100 lb. Jr/A 
8.,6 
1.Any two means not underscored by the same line are 
significantly different. Any two means underscored by the 
same line are not significantly different. 
8.6 
